Summary. Scalp hair patterns have been examined in 1901 healthy subjects and 1789 severely subnormal patients. Patients with Down's syndrome had a highly significant excess of midline occipital whorls and a deficit of right-sided occipital whorls. Five out of 44 patients with microcephaly had a distinct 'upsweep' ofthe frontal hair, a much lower proportion than found previously. Patients with unspecified mental subnormality had a highly significant deficit of multiple occipital whorls. Cutis verticis gyrata was noted incidentally in 15 subnormal patients, 13 of whom were males.
Observation of hair patterns in individual patients with mental subnormality is of theoretical interest but is unlikely to be ofgreat practical value.
There are as yet few studies of human scalp hair patterns. There is evidence that the number of occipital whorls (usually one or two), the rotation of the whorl (clockwise or anticlockwise), and the location of the whorl or whorls (in the midline or to the right or left of the midline) are all features that are to some extent under genetic control (Lauterbach, 1925; Lauterbach and Knight, 1927;  Rife, 1933) , though most of the available data are vague. Bernstein (1925) suggested that anticlockwise rotation tended to be dominant to clockwise. Kloepfer (1946-48) found a highly significant parent to offspring correlation for the direction of the whorl. Brewster (1925) published the pedigree of a family showing the occurrence of 'double crowns' for three generations and suggested that the trait was an hereditary character. Recently a useful systematic examination of the distribution and inheritance of human scalp hair patterns in a population sample has been made by four schoolgirls in Cheshire (Charlton et al, 1972) . The results clearly confirm that both 123 have re-examined these suggestions. First, they have found that scalp hair patterns are determined at 10 to 16 weeks of fetal life and are secondary to the growth and shape of tissues which underlie the fetal skin, especially the brain. Secondly, they have produced evidence to show that aberrant scalp hair patterns may be used as a clinical indication of aberrant growth or shape of the early fetal brain before 16 weeks' gestation Gong, 1973, 1974) . They go on to suggest that aberrant hair patterns, 'may serve as a valuable minor anomaly in the recognition of particular patterns of malformations, as with dermatoglyphics'.
The present study consists of an investigation of scalp hair patterns in a sample ofthe normal population, and in a sample of patients with mental subnormality. The aim was to investigate possible differences between the scalp hair patterning in these two groups of subjects, and to assess the practical value of looking at hair pattems in subnormal patients.
Subjects and methods
Occipital hair whorls were classified as follows: (c) Single whorls-Clockwise or Anticlockwise rotation. Clearly the decision as to whether a whorl was midline or not was to some extent arbitrary, but in practice this possible source of confusion caused no difficulty, and in this study most of the subjects were examined by both authors. The frontal area was inspected for 'cowslicks' and any signs of an anterior 'upsweep' (see Smith and Gong, 1973) Results Healthy subjects. The results for the healthy subjects, broken down by the separate schools studied, are given in Table I . The effect of sex was investigated, and no significant differences were found between the sexes for rotation or location of single whorls. However, males had a significantly higher proportion of multiple whorls: 85/1050 (8.1%) compared with 39/851 (4.6%), X(1) with Yates' correction = 8.9, P < 0.005.
The homogeneity of the sample of healthy subjects was examined, taking the rotation, location, and number of whorls separately. There was no significant heterogeneity for the number or rotation of whorls. However, the individual samples (i.e. schools) showed considerable variation for the location of single whorls, and this was found to be statistically significant: X(14) = 34.3, P < 0.005. This could not be attributed to one particular sample, but was a reflection of the overall variation.
The results for the twin-pairs found in the healthy subjects are shown in Table II. Down's syndrome. The results are shown in Table III , with sexes combined. The patients had a distinct deficit of right whorls, a small deficit of left whorls, and a pronounced excess of midline whorls when compared with the healthy subjects, X(2) = 50.0, P < 0.001. The rotation of single whorls was not significantly affected in patients with Down's syndrome, nor was there a significant difference in the proportion of single and multiple whorls.
Microcephaly. The results are shown in Table III . There were no significant differences when the patients were compared with the healthy subjects for the number, location, or rotation of occipital whorls. In two patients the whorl was 
Discussion
In the healthy subjects, males had significantly more multiple whorls than females, but apart from this difference sex apparently has little influence on the occipital hair pattern. The sex difference for multiple whorls has been noted previously (Lauterbach and Knight, 1927) . The different schools studied appear to comprise a fairly homogeneous group of subjects, though there was significant variation in the location of single whorls between the different schools. The explanation for this variation is not evident from the data. A large difference for location of single whorls was exhibited between groups 7 and 8 (see Table I ), but these groups were two schools only five miles apart. Clearly, in theory, this variation might have a genetic basis, and this aspect of the distribution of hair pattems could usefully be studied further. The practical implication is that any differences between a group of healthy subjects and a group of patients of no greater magnitude than the variation within healthy subjects should be regarded with great caution.
There were 13 twin-pairs among the healthy subjects. Only three of these pairs were monozygotic, and two of these were discordant for the type of hair pattern. The sample of twins is a little odd in that there are twice as many female twins as male twins (though there were more males than females in the whole group of healthy subjects), and only one pair of unlike-sexed twins. Mirror-imaging of hair patterns in monozygotic twins was noted by Lauterbach (1925) and by Rife (1933) , but it was only observed in one of the three monozygotic sets (and none of the dizygotic sets) in this study.
The patients with Down's syndrome showed a highly significant excess of midline whorls when compared with healthy subjects, this excess being accompanied by a deficit of right-sided whorls. This finding does not appear to have been noted before, Smith and Gong (1973) merely commenting on some anterior displacement of the whorl in some cases which was not observed in the present study. Whether the excess of midline whorls is a 'genetic' consequence of an extra chromosome or an indicator of aberrant growth is a matter of speculation. Gong (1973, 1974) held out great hopes that scalp hair patterning might provide an important clue to the timing of the defect in severe microcephaly. They found that 85% of patients with microcephaly (20 patients were studied) had altered scalp hair patterning, and that in particular 25% had no occipital whorl at all (a feature which they had only noted in nonhuman primates). The present study did not confirm these previous results. All 44 patients with microcephaly had an occipital whorl. A pronounced 'upsweep' of the hair in the frontal area was noted in five cases, a feature that was said to be present in most of Smith and Gong's patients. Whether scalp hair patterns will be of practical use in microcephaly remains to be seen.
The patients with unspecified mental subnormality provided some unexpected results. The differences in location of single patterns between healthy subjects and patients just reached significance in the males but did not quite do so in the females. In view of the variation of this feature in healthy subjects this finding must await confirmation. However, patients of both sexes showed a highly significant deficit of multiple whorls. Why this should be so is far from clear.
Cutis verticis gyrata was noted incidentally during this study in 15 out of 1789 subnormal patients (0.8%), and the male preponderance was as striking as in other series (Paulson and Dudley, 1966; MacGillivray, 1967; Warkany, 1971; Paulson, 1974) . Seven of the 13 males were bald which clearly rendered ascertainment of this defect more likely, but this cannot be the whole explanation of the well-known male preponderance.
In conclusion, it seems that observation of hair patterns in individual patients with mental subnormality is of theoretical interest but is unlikely to be of great practical value, though further work might be useful. A knowledge of the nature of the inheritance of scalp hair patterns in man would be aided by studies of other population samples and by family studies. The study of hair patterns, or 'trichoglyphics' as it has been called (Smith and Gong, 1974) , is still in its infancy.
